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IPI'RODUCTION 

The in t e rna l  s t r a i n  gage s t ing balances used i n  wind tunnels are of 
two general  types:  

1) The "Floating Frame" type, i n  which the forces  are t ransmit ted 
from the  model support t o  the ground support through a number of pivoted 
elements. 
t o  be measured by it and i s  r e l a t ive ly  c o w l i a n t  t o  a l l  other force 
components. 

Each element provides designed s t i f fness  t o  the  force component 

2) The "Compound" type, i n  which forces  a re  transmitted from the  
model t o  the  ground support through a nmiber of elements i n  series. 
type i s  sometimes referred t o  as  "Solid" or  "Single Piece'' due t o  i t s  
construction. 

This 

The "Floating Frame" balances are of ten more desirable  because of 
t h e i r  high stiffness and low interact ions.  However, present balances of 
t h i s  type are expensive and d i f f i c u l t  t o  design, fabr ica te ,  and assenible. 
Some of t h e  complexity of t he  present balances has been necessary i n  
order t o  minimize temperature e r rors .  
Frame" type balance w a s  therefore designed and developed at  Ames t o  over- 
come some of these l imi ta t ions .  I n  addi t ion t o  being easy t o  fabr ica te  
and assemble the  new type balance has the  fur ther  very desirable  feature 
t h a t  it allows passage of leads or other devices through i t s  cen t r a l  por- 
t i on .  Low temperature e r ro r  i n  a x i a l  force r e s u l t s  f romthe  arrangement 
of a l l  the  force sensing elements e s sen t i a l ly  i n  only two cross-sect ional  
planes of t he  balance, hence the name "two-plane balance. '' 

A modified version of t he  "Floating 

DESCRIPTION OF BALANCE 

A 2-1/2- inch-diameter two-plane balance has been b u i l t  and ca l ibra ted  
f o r  t he  following design loads. 

Normal f ront  and Normal rear 1000 lb each (453 KG) 
Side f ront  and Side rear 1000 l b  each (453 KG) 
Axial 300 l b  (13.6 KG) 
Rolling Moment 2000 in . - lb  (23 KGM) 

The balance (Figs. 1 and 2) i s  approximately 13-1/4 inches i n  over- 
a l l  length.  
attached a t  i t s  two extremities by means of pins  t o  an inner hollow cylin- 
d r i c a l  support approximately 1-3/4 inch O.D. and 1 inch I . D .  
i s  attached t o  the  s t ing  while t he  cen t r a l  port ion of t he  outer sleeve 
supports t he  model. The aerodynamic forces  and moments a re  transmitted 
from the  "floating" center portion of the  outer sleeve t o  the  inner support 
through eight  l i nks  symmetrically arranged, four each, i n  two p a r a l l e l  

It consis ts  of  a 2.5 inch O.D. outer sleeve,  10 inches long, 

The support 
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planes eight  inches apart and perpendicular t o  the longi tudinal  axis of 
t he  balance. 
obtained by cu t t ing  s l o t s  i n  the outer sleeve i n  proximity t o  the  points  
of attachment w i t h  t he  inner support. 

The l i nks  a r e  each 0.13 inch square by 0.75 inch long 

A developed view of t he  cy l indr ica l  outer sleeve i s  shown i n  Fig. 3. 
The l i n k s  which transmit the  a?plied forces  from the  cent ra l  port ion of 
t he  outer sleeve t o  the  supported ends are marked 1 t o  8. The intercon- 
necting s l o t s  are arranged so as t o  place t h e  normal force l i nks  1 and 7 
i n  tension while l i n k s  3 and 5 are i n  compression, under the  act ion of 
pos i t ive  (upward) normal forces.  Similarly,  under t h e  act ion of pos i t ive  
s ide forces ,  l i nks  2 and 8 are i n  tension while l i n k s  4 and 6 are i n  com- 
pression. The column type s t r a ins  induced i n  t h e  l i nks  are u t i l i z e d  t o  
measure normal forces ,  side forces,  and r o l l i n g  moment. 
The a x i a l  force causes bending of t he  l i n k s  as double cant i lever  beams. 
The normal, side-force,  and rolling-moment gages a re  placed on the  zero 
ax i s  of the moment d is t r ibu t ion  due t o  t h e  a x i a l  force; therefore  there  
should be no in te rac t ion  of ax ia l  force on normal force,  side force,  or 
r o l l i n g  moment. Interact ions of normal and s ide forces on a x i a l  force 
cancel out i n  the  bridge c i r cu i t ,  in te rac t ive  e f f e c t s  being the  same i n  
adjacent arms of the  bridge. Reactions due t o  r o l l i n g  moment, unlike 
those due t o  norm1 and side forces,  do not cancel out i n  the  axial force 
bridge; consequently, there  ex i s t s  an in te rac t ion  of ro l l i ng  moment on 
a x i a l  force.  
therefore ,  a constant port ion of t h e  moment bridge output voltage i s  
used t o  cancel t h i s  interact ion on a x i a l  force.  The ac tua l  measured 
in te rac t ions  are shown i n  Table I. 

(See Fig. 4.) 

This in te rac t ion  i s  proportional t o  t h e  ro l l i ng  moment; 

ADVANTAGES 

This balance type has the following major advantages : 

a )  Balance s t i f f n e s s  i s  maximized, since attachments and l i n k  
f lexures  are v i r tua l ly  eliminated. 

b )  The machining and fabricat ion cos ts  are low '(comparable t o  
"sol id  type" balances).  

c )  The hollow inner support permits t he  passage of leads through 
t h e  balance. 

d )  The design provides alinement i n  construction as i n  a "sol id  
type" balance and care required f o r  assembling i s  not as c r i t i c a l  as t h a t  
required f o r  other "floating frame" balances. 

e )  Temperature e f fec t  on axial force i s  found t o  be small owing t o  
t h e  two-plane arrangement. 

f )  Interact ions are low. 
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g )  As shown i n  f igure  3 ,  permissible loadings are f l ex ib l e ,  allowing 
increase i n  norm1 and side loads when a x i a l  load i s  low, and vice versa,  
without exceeding allowable maximum s t r e s ses  i n  t he  gage l i nks .  

DISADVANTAGES 

Some of t he  disadvantages of t h i s  type a re :  

a )  Since the  design of balance u t i l i z e s  the  stress d i s t r ibu t ion  f o r  
load component measurement, the gage placement i s  c r i t i c a l .  

b )  Support s t rength and space requirements f o r  gage separation l i m i t  
t h e  minimum s ize  of balance tha t  can be designed. 
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